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(54) pWa or the invention] Mwibnm Sop»mlon Device 
(57J(Ab«trmctJ 

(Objtctl An object of the present fnvonlkxi is lo provide a 



resistance ever a long period of Cme and that is maintenance 
free. 



*1tawhlchmletstr«anonesaid<letmerr^eirno^e 
3 « tftpoaed. m d which receives a tftpUd suspension: and a 
dtluser member 9 of a diffusion device disposed below said flat 
crtembrane module 3. or below and to one side of saM fitter body: 
en mtttrnwenby greater flow of diffused pes from diffusion device 
per uM of tone i* established by a Mower 11. a blower 13. and a 
valve 12. end the membrane surface is maintained clean by Ihe 
action ofthe Squid suspension generated by mo gas 10. 




USF 1347*6 



[Claim 11 A membrane separation device characterized in that 
fins comprises: a Alter body comprising a spacer and a flat 
separation membrane: a tank in which no less than one said filter 
body is disposed, and which receives a Squid suspension: and a 



— .... „ H „ «,u<u HBura urepwca oeiow sato 

rater body, or below and to one side of said filter body. [the 
membrane separation device! being provided with means for 
establishing an mtermittenliy greater flow of diffused gas from 
said diffusion device per unit of time. 

(Detailed Description of the Invention] 

(00011 

(Field of Industrie! Application] The present invention rotates 
to a membrane separation device capable of providing simple 
and effective membrane separation of various freely selected 
suspensions (for example, suspensions of microbiological 
particles, inorganic particles, and the tike), so as to produce a 
clarified separated Squid. 

[0002] 

(Prior Art] Conventionally, devices are known wherein a 
permeate is produced by immersing a hollow-fiber membrane 
bundle module , ft, an aeration tank (see FK5. 4). 

(0003] The device shown in FK3. 4 Is such that a noHow-fiber 
membrane module 22 Is immersed in an aeration tank 21; air 24 
b supplied from en air diffusion pipe 23 so as to maintain growth 
of rmaoorgamems by keeping the Interior of the lank aerobic 
white maintaining, the fitter function of the hollow-fiber membrane- 
a suction pump 25 is used to obtain permeate 26 from the 
" "^hln the tank which has been microbiotogicaHy 
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being provided with means for establishing an intermittently 
greater (low of diffused gas from said diffusion device per unit of 
time. 

(0009] The following ere novel ideas of the present invention. 
(I) The use of hottow-fiber membranes is abandoned; a fitter 
body is used having a Hat separation membrane wherein the 
shape makes it impossible for suspended solids to become 
trapped at the interior of bundles. 

[0010] Conventionally, methods wherein flat separation 
membranes were provided m filter presses and dehydrator 
structures were known, but Ihe idea of immersing these in on 
"""i lank as pari of a method such as that of the present 



(0011] (2) It was discovered that a was possible lo effectively 
prevent membrane soiling by intermittently increasing and 
decreasing the amount of diffused gas so as to create a 
disturbance at the membrane surface. The fitter body used m the 
present invention has a filler member comprising at least a 
spacer and a Rat separation filter. There are no particular 
restrictions on the construction of litis fitter member, so long es 
the construction of the filter member functions so the! a 
suspension is filtered at least at Ihe exterior of a flat separation 
membrane so that the filtrate moves to the interior of this 
membrane, end this Is further provided with means for removing 
the filtrate that has been moved. Howover. the exterior shape of 



(0004] However, when the present inventors did additional 
tests on this prior art. they found the following serious 
disadvantages and judged the practicality thereof to be Inferior. 
That Is to say. the device shown in FIG. 4 has the fallowing 



to rise sharply. (2) Washing away 
gotten into the Interior of the botte 
extremely difficult: It is not 
sludge and fibrous comrx 



i ^T^ COm ^ M '^ n™** *" hoUow-fiber thereof may 
i module, undoing it, and spraying it with high-pressure restrictions ffi 
s If extremely labor-intensive, and it 'is practically which has mr 



mh= tmci uianucf re prcionnjiy sucn urai. wnen ine inter oooy is 
disposed within the tank, the entire surface, of the Oat separation 
membrane can easily be contacted by bubbles supplied from the 
diffusion Qtvice end by the cumonti caused by tha bubbles. 

(0012] The exterior surface of this niter member is formed as a 
flat separation membrane, but it is not absolutely necessary that 
Ihe entire exterior surface be formed es a flat separation 
membrane; this can be formed locally on a suitable desired 
surface region. 

[0013] Furthermore, so long as the form of ihe exterior surface 
of the fiat separation membrane satisfies Ihe aforementioned 
conditions, there ere ho particular restrictions thereon; this Is not 
limited to flat surfaces; and freely chosen curved surfaces are 
encompassed thereby. So long as the spacer functions at least to 
support the rial separation membrane white maintaining a apace 
which allows the filtrate to move to the Interior, the construction 



[Problems to Be Solved by the Invention] The present 
rnventron is directed at completely solving the major problems of 



provide a novel technology which can maintain low filtration 
resistance over a long period of tome, and which Is maintenance- 
free. 
(00071 

[Means for Solving the Probfeirw) In order that the present 
Invention solve the problems of the prior art, various studies were 
conducted, and as a result, it was discovered that the 



■wvMfvinm* Htmmu ruiuiuiittvfc. means wr removing ine imrara 
which has moved to the Interior, such as an outlet pipe, can be 
provided. 

(00K] The material from which ihe spacer Is constructed and 
the specific shape of the construction may be freely chosen; this 
can be a simple body with e solid interior or a simple body v. 



■ ■ — - — > wuuiu uc auivco oy me Kwowmg means, 

and [mi this manner), the present invention was completed. 

(0008J That is to say. the present invention is a membrane 
separation device charactenxed-rnthat thts comprises: a fitter 
body comprising a spacer and a fiat separation membrane, a 
lank m which no less than one said fitter body is disposed, and 
which receives a liquid suspension: and a diffusion device having 
a dtfiuter member disposed below said filter body, or below and 
to one side of said fitter body, [the membrane s 



nterfor. or a frame, or a combinatron of those. Examples 
•iiwuw a frame, a simple plate with a solid interior, a plate 
provided with a hoHow Interior, a lattice, etc. In terms of the 
construction material, a porous material having a filter function is 
particularly preferable, and in terms of the shape; a plate is 
particularly prafrsraMe. 

[0015] In terms of the means for supporting the flat separation 
membrane on the spacer, adhesives. nuts and bofis. magnets, 
and Ihe like can be used. Accordingly, the external shape of Ihe 
filter member of the filter body can be freely determined 
according to Ihe shape of Ihe spacer and the method of holding 
the flat separation membrane against the spacer, examples 
include plates, rods, inverted cones, and the fike. In Ihe present 



i»me» «ie paiiibwany prcierrea. ana inose wnerew i 
fiat separation membrane is formed on both sides are preferred 
10016] There are no particular restrictions on the material for the 
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f,LftDL«« 'iH^^T - a "SPr* f '" ra,e: " en - kn <»* ft chosen filter pressure generator, means may be used. For 

SStST m,ao«frauon membrane, can be example, a negative pressure may be generated within the fier 

a^aSte^L^. ^ emt>fane may 6e Uee » d,osen ^ «* means °« * P»-"p. the tank'Eay be sealed and the 

"^b^SaSr^ hat separauon membrane KeYsT "* ^ - ^ « ^ 

!^ e o ?^n M J ,t ^L" Ch0scn (ram ^ m « {0023} When , pturaUy of filter bodies are prowded. the filtrate 

Z3L If \"h- l-I^f ^! r .^ < " r K b . d 2 p0Sed wHWn ,h * fdter mechanism may be such that Ms is performed 

nScfions nESZZZSZ. £. afC "° "P*^ ,w ««* ( ** w W * «* Performed vwith the 

s ^STth^ m^ta^ntL K V connected. For example, methods include those 

l^'f* tt^t^J^f^ so Uwt the (tat separation wherein a filtrate outlet pipe is provided at each spacer, these are 

1*1?1X *2L '?, 8 , b i! B6te ? a ^«N«wrenls connected, and suction filtration is performed by means of a 

created by the bubbles from the diffusion device, which is also pump, 
installed within the fitter device. In particular, if a pkiraEty of fitter 



Z£E2L225L?l£2£?i to<fiM J* P 3 ?. 11 * 1 *> <N in the following, the operation of the present invention and one 

ffiafea^ i£ .2, 8 ifl < ^ b< ' sMaW ' E""* 10 ' embodiment thereof are described with reference to FIG. i. In 

£&^?bl^ for«ample. atthe (00251 The basic construction of the membrane separation 

fWM817ht dwiSSS - „ « <tevfce of *• pfeseftt to"*"*" comprises a tank 1. a flat 



>• « Z . Hiraiiunmc nnrauw J mncn 13 lire ihki oooy. ami » OWUSIOn 

memb« is£i«22?22. SST 1 * * < " Ku " r devk * 7 ,a " k »• a P»*»% of fiat membrane 

^Sm^t^TtL « W ?"- kno r? f ewces ca0 u ««*. modules 3. wherein a flat UF or MF membrane S is provided on 

nZTJ^r IT" '"'J* 0 "* «• ,hc stnictun, both side, of a planar porous body spacer* as shown M FIG. 2. 

thereof, pipes and plates are generally used as the diffuser I. immersed and disposed parallel to the perpendicular direction 



n^l JZZZ l.™ "^ ^T'^L"* "P 3 " 1 ™ P°26] Membrane permeate outlet pipes 7 are provided at 

Z^TZIZ^. ^LT" ^ "I* 9"^ sed «« dittusion each of the filter modules 3. The outlet pipe 5 (sic) is connected 

L^r^ th^ Z^ °^iTJ e3 ^ 0 " S w ««• method * » » merrAnme permeate suction purnpToifftlseV members 9. 

mJ^^X^T^& b T'.^'' * ,op J fmo - Bndme «"e bottoms of the Bat membrane modules 3: air < 

r^ ^r^^llS! ? !^T 0 ^ ^ CT suspension. 10 is dilrused by means of a blower 1t. If n 

^«SSp„ptS^! ^ art '.««-«»«'«« candthelte. bacteria, or such ar " 



l h __. ~ Z'J'.' Zl' 7 «■ acporowu. a gas not oumaming oxygen, sucn as narogen gas or 

^ e *"*%* «?" b *™ k l t ? 19d at B ***** te « H «nethan« gat. ie used as ihe gas 10. 

diffused « ^i""" 8 " W fl0, l rato 01 P 027 ! ta *• ^ < h « of intermittently 

"f" in ««• case, it is particularly Increasing the amount of gas 1" - ■ — 1 

preierabte that the period of ti™ -al-i> «,-. hi..i. « — *. . **. 



B^iTJ^ri r«rrt .k^T, »w «ow raw is sowng can be prevented more effectively than In the case where 

am^futS^ ^2, r 2^, SfS? °_ t " n6 (C<) - ^ oasis diffused at a constant rate: and. It has been experimentally 

maH^ih??^! ^Sl^ 61 I s ^ conSrmed that this allows for maintenance of a hlghmernbrane 

m^L^2f™^. e ^. of ^"^ l,fanwma,,tf «wfofatong P«*tf of time. 

d^SSf fk?™?™.^* 1 ovcr ^ «crew«a « (0028] The means for Intermittently increaiina the rate of flow 



oei^Vta ac^«hiW J a^„?^ 'l !, tt ^ of of IN gat 10 are simple and am/ means can be used but. In IN 

S?^" ^ 1 <,,9usl0n w « • wm P to •» F,G - " ">«<Nd Is adopted wherein a btower 13 is 

TJ^l£%£.Zt " P , Hi^fJ *«"tan pipes Is provided, and a v«w 12 is Intermhu^^opened end closed. 

Z^^^^J^J^^l ™ Y 68 conrtected (0029] fn terms of why soiling of IN membrane can be 

" ^* l 9 **^ me,e Mtupi *** effecf wly pravemed by imermittentiv increasing the rato at which 

^ * utomaUc OT «n»mpJes the gas 10 b dlrused. that mechannvn is not understood In detail 

^ft£2J?£ MM ' f ^ com «'« li <»« <>f • at Ir^r^esemtlrr^.r^ttispresummftobeaaioBows. 

rooaTfTj^^ .h-*, ^ (0030J That is to say. it is thought probable that. If lha rate tt 

dilwi^^^^lS^^^ B *» ™ a¥ »» which the gas 10 is diffused Is intermittently increased, the now 

^,^2ul! ProP T J0 ' ,,Bsusp,Mi0ft used in the patterns of the currents m the vicinity of (he flat membrane are 

E ^.^1^" '"^ bf ?! 035cal P^ 5 ^ radfcally altered, and (Oiling substances on the membrane 

inTL« &S f 5 . 8 " ; cormrwnly surface are removed at this poW, so that the membrane surface 

n,t™ . * Wo'ogicsl processing liquid, is kept dean. 

D^f^n^,^^;-^ Suspensions such as these {0031] rtis possible to change the pattern of the rate of flow of 

2? ^ U ° m me ; wtefior or may be the gas in various ways, but experimental resuHs indicate that a 

,n^}ZJi?V , *f L Pr** 6 " 1 mventton from IN method wherein this is increased in short time-period cycles Is 

sehaS ■ ™f 3fthaL h l a *« ,0fl «» membrane more effective than one whereto the rate of flow of the gas Is 

t^^Z^ * ,nv " ton may have other-processing increased over long wlervals of Bme. 

^l^tat^L • fc (0032J tn oihDr words, tor example, rt is more effective to have 

« r^h^rlh,, !Z rTl. . USOd !" *• P re5COt mveotion cycles with increased flow for 6 minutes in 1 hour then to have 

^IITL^™ ?!! *! ' f0m . ,ha emnot 01 ^ leased Cow for 30 nwutes once every 5 hours. Moreover, the 

wrr s «^^ stoof^c^ebe^aNto^r^a 

uiFiuSr . 



ano an adjacent module is an important factor, if Uus » too 
soiSno. of the membrane wit p«we$s and rf iMsa 
Wjj. readily obstructed by ffimam* |,J^eSS 
show mat KWOmmSsopftnai cxpertmentat results 

P033J _ Furthermore, the disposition of me c 
l*f]» »<*> qute an important factor. « 
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^rane used as the titter body 
absolutely no clogging or 



|Effe«« of the Invention] <l> There was no adhesion of 
suspended solids, contaminants, or fiber components on the 



10OT4J By virtue of mis method, it to possible to radical!, 
-J? "^™"** f "** «* ,he bubbles at tfws* 1 
eacn membrane of the flat membrane modules 3 in a .««,'.» 

selected in 



membrane method, allowing for m , 

10044J (2) It was possible to maintain me m «.,„ „ 4S 

«wt at • stably high value over • long period of time. (3) The flat 

membrane Is simply attached to a si 

tank, m that the device and the menu. 

and the manufacturing cost* (hereof ere tow. 
(00451 (4) M 



h the type of reaction and the type of 
10035} For example, ft* this Is applied to . 
or water supply treatment, a mlcroHtration membrane with a ™» 
*i« of approximately 0.01-1 m <»„ be wed mimSmm 

pwem ■""""i 0 " h ** 



ca^be^Tes^be SM^^SiT 11 ^ • ^mSSSwZ 
JnT oiVJSf™ „„! ^ ' tne •« membrane module can simply be pulled out and easily 
m of reechon and the type of cleaned witn a Mgrwtfessure waterway. VMth m*£»SZ 



mtoum aul fBt8. are added to river water. * 



«*«ted stodge processing of sewage. 

™*< (water J"* 50 «*» «nd fwTof^; 



caused by the bubbles. With boHow-flber membranes, it would 
not be possible to provide the disturbance uniformly to tho 
surfaces of me hoHow-ifcer membranes one by one, 

100471 Consequently. soiSng It extremely unlikely to occur 

[Brief Description of the Drawings! 

fFIG. 1! This figure serves to describe an ex, — - '-' - 
membrane separation device of me present Invention 



s immersed in the example 



following flat .„„ 

pemendicutor direction. 

[0O38JRatrr»n*nme _ ^ 

sire: t5xi5cm MFmemorane 

membrane pore jfce; 05 prn 

^Z'J^ 0 ^ "to • pore tee of 150 M m (plaie) 
rate r- « bt of air Mown from the OffluWpWU 



[WSJ Cycles were repealed at ^ 
tMr^^r^tefwMrninutes 
,Tf*** er ' 300 Bers of ak/mfmde (or 3 minutes 



ccSs 0 ^^^^"^ * * ^"mese 
«««»wons. arm me memorane permeate flux was a* sfuum i» 

I«M1J Furthermore, the bin the figure indicates rear*, 



fFIG 3J TWs is a graph showing me results of an experimental 
wmpie using the device of the present tovenlton. 
IWG. 4J This is a figure tor the purpose of describing one 
•ample of a conventional membrane separation device. 
•Hon of the Reference Numerals] 




greasing the amount of air was m*ttJXSSS& 



U8H347$8 



